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ENGINEERING SPECIFICATIONS 

BY FRANK F. FOWLE 

The preparation of engineering specifications is a matter which 
the engineering graduate is likely to meet early in his experience. 
Therefore a knowledge of the subject and its relation to business 
law is important. Yet there is probably no subject which ap
peals less to the interest of the undergraduate student, or is more 
generally regarded as dry and tiresome. But modern theories 
of engineering education recognize clearly that a purely tech
nical preparation cannot fit the engineer for the greatest sphere 
of usefulness, or the one which he should properly occupy. 

The men in charge of large undertakings, and those in general 
who occupy responsible executive positions, are selected pri
marily because of their fitness in a business sense. Pure tech
nical ability, without business capacity or experience, does not 
command a large remuneration. Such ability can always be 
had at a nominal figure and the supply is recruited each year, 
in large'numbers, by the technical institutions of the country. 
But owners and investors will not trust their undertakings to 
inexperienced men, especially those inexperienced in the methods 
of business or commercial life and in directing the work of 
others. Of course it is well recognized that the engineering 
graduate has not attained the measure of a fully trained engineer, 
nor can he reach that goal without practical and commercial 
training. 

In order to make his status clear to him, and to point out the 
things which his graduate training ought to embrace, it is both 
proper and essential to instruct him in business law and com
mercial practices. This cannot be a substitute for actual ex-* 
perience, in any case, but it bears to the engineer's larger sphere 
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of usefulness the same relation that the purely technical training 
bears to his purely scientific work, or engineering in the narrow 
sense. This point of view should not be construed as reducing 

t the emphasis to be placed on purely technical training; that, of 
course, is fundamental. At the same time one should not be
come so absorbed with it as to lose sight of its proper relations 
to other things in life, or its correct relative importance. 

Your course of instruction at this institution embraces both 
business law and contracts, however, so that further emphasis 
on their importance and value is not necessary. But the testi
mony of one speaking from experience may cause you to give 
these subjects more serious attention. 

T H E RELATION OF SPECIFICATIONS TO CONTRACTS 
A discourse on the subject of specifications is practically im

possible without treating first of the broader subject of contracts, 
which underlies all engineering and is as old as civilization itself. 
The general purpose of a specification is to give an exact, definite 
description of certain work which is to be performed, so clear and 
precise that there shall be no doubt or uncertainty about the 
things which are desired and no opportunity for the performance 
of any work which is not wanted or intended. But the very 
presumption that a specification will be drawn implies first the 
intention to enter into a contract, and in general the specification 
will form a part of the contract. 

The relation between specifications and contracts is therefore 
intimate and the two can only be separated with difficulty. In 
general there are two methods of preparing specifications: one 
is to make the specification an integral part of the contract; 
and the other is to make it a separate instrument appended to 
the contract. In either event the nature of contracts must be 
understood and at least an elementary knowledge of the law is 
very essential. But in any case of importance, particularly when 
competitive bids will be asked for by public advertisement, the 
contract should be drawn by one thoroughly versed and experi
enced in the law. The young engineer may well remember the 
old saying, " The man who is his own lawyer has a fool for a 
client," and forbear from attempting that for which he is not 
qualified. 

It is not uncommon for lawyers and engineers to collaborate 
in important cases, in order to forestall future litigation and 
bring expert ability to bear upon every phase of the matter. 
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Most emphatically the engineer should not usurp the functions 
of the lawyer, any more than he would permit the reverse. 
Even in comparatively simple contracts, unless a standard 
legal form is adopted, it is an excellent precaution to have the 
legality properly passed upon. Litigation is both tedious and 
expensive, and nowhere is it more true than in respect to con
tracts that, " An ounce of prevention is worth a pound of cure." 

The subject of contracts is a branch of law, and a very broad 
and comprehensive one. The layman may acquire a very good 
knowledge of it by extensive reading, which is recommended; 
and for that purpose a list of works is appended to this paper. 
I t is only possible to give here the briefest outlines of the subject, 
to serve more as a general guide than for specific use. 

CONTRACTS IN GENERAL 
The definition of a contract has been stated as follows: " A 

contract is an agreement to do, or not to do, a particular thing." 
There are four essential and fundamental elements in any con
tract, as next stated. 

1. Competency. 
2. Legality. 
3. Agreement. 
4. Consideration. 

Competency. The parties to the contract must be of legal age, 
sane and sober. In the case of corporations the contract must 
not contemplate any acts outside of the powers conferred by their 
charters. The laws of the several states name various disa
bilities, which should be known in any specific case. 

Legality. Any act is illegal if forbidden by statute, or by the 
rules of common law, or if opposed to public policy. 

Agreement. The parties to the contract must mutually assent 
to its terms and provisions and must understand them in the 
same sense; that is, they must be of the same mind and intent. 
If the meaning of the words in the contract is plain and evident, 
the law presumes it as such. In general, an offer and an ac
ceptance are necessary to establish the existence of a contract. 

Consideration. The consideration need not be stated, if it 
exists in fact. In engineering contracts, however, the considera
tion is almost invariably stated. The adequacy of considera
tion is not in evidence before a court, except in cases of gross 
injustice; if this were not the case, the courts would be over
whelmed with suits on the ground of inadequate consideration. 
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The parties to a contract enter into it " a t their peril," and are 
presumed to weigh its terms carefully and fully before subscribing 
to it. 

A contract may be oral or written, with equal force, but the 
first is sometimes hard to establish by reason of the lack of 
witnesses or evidence. Written contracts are classed under two 
heads; sealed contracts are those under seal, which is the re
quired legal form in the case of gratuitous promises, conveyances 
of real estate and surety bonds, while unsealed contracts are 
termed contracts of record or parole agreements. 

A contract can be modified by oral agreement regardless of 
provisions to the contrary, but the written form is much pre
ferable. Much confusion and possible litigation can be avoided 
by adhering always to written agreements. This is an im
portant point, because engineering works of any magnitude will 
rarely be executed in every detail as originally planned. 

In drawing a contract it is the common supposition that it 
will be carried out in accordance with its terms. While this is 
the general rule, it is not always the case and it may be well to 
mention briefly the several ways in which a contract may be 
discharged. 

DISCHARGE 

The several ways in which the contract obligations may be 
discharged are as follows: 

1. Performance. 
2. Agreement. 
3. Impossibility of performance. 
4. Operation of law. 
5. Breach. 
The discharge of a contract by any of the last three means is 

usually a matter which involves the technicalities of law and 
perhaps litigation, so that it hardly falls within the province of 
the engineer, aside from his informing himself on such matters 
for general guidance. 

ADVERTISEMENT FOR BIDS 
In many cases contracts and specifications are so prepared 

that bids may be publicly asked for by advertisement, with the 
object of letting the work to the lowest responsible bidder. This 
is sometimes made compulsory by law, as in the case of munici
palities, public bodies, etc. Here it is essential to follow certain 
specified forms and carefully guard the rights and requirements 
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of the party letting the work. The advertisement should cover, 
in general, the following particulars. 

1. A clear title and preamble, indicating the work to be 
done, and the person, firm or corporation letting the work. 

2. A full description of the kind and quality of work. 
3. Where to obtain plans, specifications and blank pro

posals. 
4. The amount of the guaranty, in cash, certified check, 

or bond to accompany the bid. 
5. How the work is to be let, in sections, or in whole. 
6. The place, date and hour of closing the bids. 
7. Reservation of the right to reject all bids. 
8. A provision requiring bidders to show familiarity 

with and experience in the kinds of work to be let. 
When the work is not of a public nature these requirements are 

not required by law, but in any case they form a valuable guide. 
In the case of private bids, the work may be let, of course, 
at the pleasure of the owner. 

For those who are interested in further study of this phase of 
the subject, the forms used in various instances will be found in 
the standard text-books and authorities, given in the appended 
list. 

SPECIFICATIONS IN GENERAL 

A specification has been defined as, " A written statement con
taining a minute description or enumeration of particulars." 
The exceeding breadth of this definition includes a specification 
for anything whatever, but we shall confine it to engineering 
works. But even with this limitation, the field is still immense. 
The treatment of the subject in all its details would vary with 
the particular branch of engineering considered. At the same 
time there are numerous general features which are common to all. 

In general every engineering specification treats of two funda
mental things; first, a full, minute and exact description of the 
work to be done and, second, the business relations of the parties 
to the agreement. This presumes that the contract and the 
specification will be one instrument. When that is not the 
case, the specification treats of the work alone. 

As a whole there are three plans of proceeding with the 
preparation of a specification, as next enumerated. 

1. Complete plans in detail, 
2. General plan, only. 
3. No plan whatever, 
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These three methods naturally fit different circumstances and 
conditions. The first is probably the safest one and most gen
erally followed ; it leaves no loopholes for misunderstandings and 
if the character of the work permits, is to be recommended. No 
responsibility rests on the contractor outside of performing the 
specific things called for, and the responsibility for the design 
and the general results rests entirely on the engineer. Wherever 
the design is such as to call for a large assortment of equipment, 
buildings, mains, etc., it is preferable to follow this plan, and 
usually necessary, because the character of design enters so 
vitally into final efficiency and performance. 

The second method can be followed where details are not highly 
essential and stress can be laid particularly on the final results 
or performance. Here more responsibility is thrown on the 
contractor and less on the engineer; and in fact the contractor 
will usually be required to submit detail plans. It is then more 
essential that the contractor be a responsible person, firm or 
corporation, with a good reputation in all respects. This 
method applies particularly to machinery and equipment, such as 
boilers, engines, turbines, pumps, generators, mqtors, etc. In 
such cases the details of design are not essential except as they 
affect the strength, durability, efficiency and ease of making 
repairs. The engineer cannot afford the time, and moreover is 
perhaps not qualified, to go into great detail. The essential 
features are those already mentioned and the contractor should 
be required to submit his general design with the bid, including 
the details of all connections. The engineer is still responsible 
for the over-all results, but the contractor is made responsible for 
the characteristics and performance of his machinery and equip
ment. 

The third or last method, without any specific plan, is es
sentially loose and likely to lead to bad results. It depends for 
success upon the undoubted ability and integrity of the con
tractor. It is often followed to some extent where the owner 
limits his expenditures for engineering to a very meagre amount, 
or even to nothing at all, and relies upon the contractor's engi
neer to furnish the design. In particular cases this mey be safe, 
but not as a general rule. The owner is likely to find himself 
in a variety of difficulties unless he is very fortunate. 

It is proper to refer here to the general relations of the engineer 
to the owner and the contractor. He is primarily the owner's 
representative, but at the same time he usually acts as mediator 
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and arbitrator. In one sense this is a dual position and the engi
neer should bear in mind the fact that any powers conferred upon 
him under the terms of the contract do not supersede or set 
aside the courts and the machinery of the law. There is es
sentially an element of injustice in appointing as an arbitrator, 
with absolute powers, a representative or agent of one of the 
parties at interest. The powers of the engineer should be care
fully stated and he should be cautious both no,t to exceed them 
nor be unfair. 

As a rule his duties in this respect are to supply any missing 
details and construe the meaning of any clauses which may be 
unintentionally obscure or doubtful. Much is gained by har
monious relations among all concerned and the engineer should 
strive to the utmost to attain and preserve them. 

Any attempt to classify the elements of a specification along 
the lines of the main divisions or groups of engineering is ex
tremely difficult, because no sharp lines can be drawn between 
the groups themselves. The knowledge of the electrical engineer 
must necessarily embrace much which is properly within the 
sphere of the mechanical engineer and the civil engineer. But 
for the purpose of giving^, general perspective of the subject as it 
pertains to electrical engineering, the following classification 
may be useful. This applies only to constructed works in the 
electrical field. 

Construction 
1. Machinery and Equipment Delivery 

Installation 
Performance 

2, Electric Wiring 
Inside 

Outside Aerial 
Underground 

3. Complete Plants 

Light, heat and power. 
Transmission. 
Railway. 
Telephony, telegraphy and signalling. 
Electrochemical. 

Of course specifications may be prepared to cover other sub
jects besides construction, but in the generally accepted meaning 
of the term, construction is implied. 

There are no hard and fast rules in preparing specifications, 
and the engineer's judgment and experience come into play to a 
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great extent. It is a dangerous practice to copy from existing 
specifications in a blind fashion. The engineer should always 
satisfy himself thoroughly that clauses taken bodily from older 
specifications fit his case and meet his needs exactly. A good 
command of clear English is one of the most important qualifica
tions, and of equal importance is the need that the engineer shall 
be qualified by experience as well as theoretical knowledge in 
the field which his specifications will cover. The language should 
be as definite and simple as possible, avoiding obscurities, or 
double meanings, or ambiguities of any sort. The engineer's 
state of mind and his intent cannot be too clearly expressed. 

In general it is best to treat but one feature or requirement in 
each clause, and to dispose of it there completely. This tends 
to avoid confusion and misunderstandings. It is also an ex
cellent practice to place the subject of the clause in the margin, 
as a heading or topic, and number the clauses consecutively. 
The majority of specifications include drawings of some de
scription and these should be carefully named by title and 
number. It is always well to place a clause near the opening of 
the specification stating what drawings, maps, plans, etc., form 
a part of it. 

In the case of very large or comprehensive work, it will be 
advisable to draw separate specifications for each unit or com
ponent part of the plant or equipment. These detail specifica
tions can then be made a part of the general specification by in
serting a clause or provision to that effect. This will save repeti
tion and facilitate the work of drawing the complete specifica
tions. 

GENERAL CLAUSES 
Assuming that the contract and the specification form a 

single complete instrument, the various clauses and provisions 
can be separated under the heads of general clauses and specific or 
technical clauses. The former relate to the business relations; 
the latter to the work to be done. 

It is impossible to cover all the features which the general 
clauses should deal with, but it is possible to indicate in a general 
way the essential things to provide for. The following list of 
topics is not given for the purpose of being copied, but instead 
to show some of the things which should be included in a general 
case; and it is not necessarily complete. These general clauses 
vary greatly, of course, according to circumstances. They 
form naturally the more purely legal portion of a specification 
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and in every case of doubt a competent authority should be 
consulted. 

1. Preamble stat ing the names of the contract ing parties and their 
general intent . 

2. Time of commencement of the work, ra te of progress and 
date of completion. 

3. The character of the methods and appliances to be used, and 
the grade of workmen to be employed. 

4. Method of payment , t imes of set t lement and basis thereof. 
5. Preparat ion and checking of work estimates, in preparat ion 

for set t lement. 
6. Final set t lement. 
7. Powers of the engineer:—arbi t rator in disputes; changes in 

the plans; inspection of the work. 
8. Penalties or l iquidated damages for failure to complete within 

specified t ime. 
9. Unpaid claims against the contractor for labor and materials. 

I Suspension of work. 
Delays. 
Unforseen difficulties. 

{ Finished work. 
Life and proper ty . 
Pa t en t suits. 

12. Removal of condemned material and cleaning up the work. 
13. Inspections and tests of material . 
14. Relations between two or more contractors . 
15. Correction of faults. 
16. Arbitrat ion and set t lement of disputes. 
17. Contractor to place plant in operation. 
18. Final inspections and tests . 
19. Final delivery and acceptance of completed work. 
20. Ext ras and claims therefor. 
21 . Definition of engineer and contractor . 
22. Meaning of contract understood. 
23. No waivers of legal rights. 

These clauses relate to general construction work, but there 
are many forms of specifications in electrical engineering for 
which they are unsuited. There would be almost no end to the 
task of attempting to cover the whole field. In specific cases 
specifications for similar work should be consulted, if possible, 
and also the generally recognized authorities on engineering 
contracts. In the main the aim of the general clauses is to cover 
the entire business relations between the contracting parties, 
and every contingency of a business nature which is likely to 
arise, 
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T E C H N I C A L C L A U S E S 

The technical clauses cover the actual work or construction 
and as a rule go to make up the major portion of the specifiction. 
In their preparation only the most general rules can be laid 
down as a guide. The modern tendency is to make specifications 
more definite and exact, at the expense of brevity. There is 
probably a happy medium in this respect, however, and un
necessary length is a serious objection—for perfectly evident 
reasons. The general rules for guidance may be laid down 
about as follows: 

1. Describe the work as a whole and in detail, in clear, concise 
and forceful language. 

2. Treat but one thing at a time, and tha t completely. 
3. Show th3 clear intent and s tate of mind. Resort to alternatives 

only as absolutely necessary, or when specifically intended. 
4. Define all units carefully and definitely. 
5. Avoid conflicting requirements and be careful to limit the re

quirements to those absolutely essential in securing the results de
sired. 

6. When possible, make use of the s tandards and standardization 
rules of the American Ins t i tu te of Electrical Engineers, the American 
Society of Mechanical Engineers and the American Society of Civil 
Engineers. 

7. Avoid specifying proprietary articles or materials as far as 
possible, unless definitely wanted. When public bids will be invited 
by a municipality, for example, proprietary articles, brands, makers 
names, etc., are prohibited. 

8. Before drawing the specification, determine to what extent the 
contractor is to be made responsible for the final result. 

9. Provide for inspections and tests of both material and workman
ship at all essential stages of construction or manufacture. 

10. Carefully s tate the methods of inspecting and testing to be 
used, and define all s tandards , relative or absolute, which will be 
employed. 

11. Avoid any phrasing which will permit the use of inferior 
subst i tutes . 

12. Bear in mind t ha t qual i ty is an impor tant factor in cost; and 
unless the very best materials and workmanship are desired, regard
less of cost, adopt fair commercial s tandards . Some preliminary 
inquiry and s tudy of this mat te r may be advisable. 

13. Keep in mind all s ta tu te and ordinance requirements in rela
t ion to buildings, plants, electric wiring, fire protection, etc. ; also 
the rules of the underwriters. 

These rules are exceedingly general in their nature, but very 
important. It is not possible to carry the subject to great lengths 
in an interesting manner, without concrete examples. The three 
illustrations next given were chosen largely because of their 
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brevity; it is not possible to take up a long or complicated 
specification, such as one for a complete power plant, in a com
paratively short paper of this kind. 

EXAMPLES OF SPECIFICATIONS 
The following specification for rubber insulated signal wire 

was adopted by the Railway Signal Association, during the 
present year. 

SPECIFICATION FOR R U B B E R INSULATED SIGNAL W I R E FOR C U R R E N T OF 
660 VOLTS OR L E S S 

Conductors. 
1. Conductors must be of soft drawn, annealed copper wire having 

a conductivi ty of not less than ninety-eight (98) per cent of t ha t of 
pure copper, Matthiessen 's s tandard . Each wire forming a conductor 
must be continuous without weld, splice or joint throughout i ts 
length, must be uniform in cross section, free from flaws, scales and 
other imperfections and provided with a heavy uniform coating of t in. 

Rubber Insulation. 
2. The rubber insulation shall be made exclusively from pure 

Upriver, fine, dry, Para rubber, of best quali ty, which has not previ
ously been used in a rubber compound, solid waxy hydrocarbons, 
suitable mineral mat te r and sulphur, properly and thoroughly vul
canized. Before being mixed with the other ingredients the rubber 
shall be thoroughly washed and dried. 

3. The insulation must be homogeneous in character, tough, 
elastic, adhering strongly to and be placed concentrically around 
the wir ι. 

Braiding. 
4. The rubber insulation must be protected with one layer of 

closely woven cotton braiding at least one thirty-second (1-32) of an 
inch thick, sa tura ted with a black insulating weatherproof compound 
t h a t shall be neither injuriously affected by nor have injurious effect 
upon the braid at a t empera ture of 200 deg. Fahr . 

Acceptance. 
5. The product of those concerns only will be accepted who have 

satisfied the purchaser t h a t the requirements of this specification 
will be complied with. The decision as to the qual i ty of the wire 
furnished and the acceptance of the same shall be made by the 
purchaser. 

Tests. 
6. The manufacturer shall provide a t his factory appara tus and 

other facilities needed for making the required physical and electrical 
tests . The manufacturer shall give free access to the place of manu
facture and oppor tuni ty for inspecting and testing the product a t all 
stages of manufacture to show tha t the required amount and quali ty 
of Para rubber and other ingredients are being used in the compound. 
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7. Tests shall be made from samples taken from any part of any 
coil and may also be made upon the finished product immediately 
after being delivered. If the requirements of this specification are 
not met the wire will be rejected and the manufacturer shall pay 
freight charges for return of such material. 

8. At the option of the purchaser the wire, after being tested, 
shall not be shipped from the factory until an analysis of a sample 
has been made by a chemist chosen by the purchaser and the results 
of such analysis as interpreted by the purchaser, shall be sufficient 
ground for rejection should the wire or insulation not conform to the 
requirements of this specification. 

Physical Test of Copper Conductors. 
9. Each solid conductor must stand an elongation of twenty-five 

(25) per cent of its length in ten (10) inches before breaking and 
must be capable of being wrapped six (6) times about its diameter 
without showing signs of breakage. 

Conductivity Test of Copper. 
10. The conductivity of the copper shall be determined by mea

suring the resistance of a length of the wire and comparing with 
Matthiessen's standard of copper resistance. 

Test of Tinning. 
11. Samples of wire shall be thoroughly cleaned with alcohol and 

immersed in hydrochloric acid of specific gravity 1.088 for one (1) 
minute. They shall then be rinsed in clear water and immersed in a 
solution of sodium sulphide of specific gravity 1.142 for thirty-two 
(32) seconds and again washed. This operation shall be repeated 
three (3) times and if the sample does not become clearly blackened 
after the fourth immersion, the tinning shall be regarded as satis
factory. 

12. The sodium sulphide solution must contain an excess of sul
phur and should have sufficient strength to thoroughly blacken a 
piece of clean untinned copper wire in five (5) seconds. 

Tests of Braiding. 
13. A six (6) inch sample of wire with carefully paraffined ends 

shall be submerged in fresh water of a temperature of 70 deg. Fähr. 
for a period of twenty-four (24) hours. The difference in weight of 
the sample before and after submersion must not be more than ten 
(10) per cent of the weight of the sample before submersion less the 
weight of the copper and vulcanized rubber. 

Physical Tests of Rubber Insulation. 
14. A sample of the vulcanized rubber insulation not less than 

four (4) inches in length shall have marks placed upon it two (2) 
inches apart. The sample shall be stretched at the rate of three (3) 
inches per minute until the marks are six (6) inches apart and then 
at once released. One (1) minute after such release the marks shall 
not be over two and seven-sixteenths (2 7-16) inches apart. The 
sample shall then be stretched until the marks are nine (9) inches 
apart before breaking. 
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15. The tensile s t rength of the rubber insulation as shown by tests 
made on a carefully prepared sample shall be not less than one 
thousand (1000) pounds per square inch. The sample, for five (5) 
minutes before and as near as practicable during the test shall be 
maintained at a tempera ture of seventy (70). deg. Fahr . 

16. The specific gravi ty of the rubber insulation shall not be less 
t han 1.75. 

Chemical Tests of Rubber Insulation. 
17.. The insulation shall show on analysis not less than th i r ty (30) 

nor more than thi r ty- three (33) per cent of pure Upriver fine dry 
Para rubber of best qual i ty; not more t han four (4) per cent of waxy 
hydrocarbons consisting of refined paraffine or pure ozokerite; not 
more than 0.7 per cent of free sulphur; not more t han 2.5 per cent 
to ta l sulphur; freedom from all foreign mat te r and the mineral 
ma t t e r shall be such as will not have a deleterious effect on the 
insulation. 

Electrical Tests of Rubber Insulation. 
18. The circular mills cross section, the thickness of the rubber 

insulation (measured a t the thinnest point) , the minimum insulation 
resistance in megohms per mile and the dielectric s t rength for the 
various sizes of wire shall conform to the following requirements: 

Size 
B. &S. 
Gauge 

0 
1 
2 
4 
6 
8 
9 

10 
12 
14 
16 
18 

Area in 
Circular 

Mils 
105,592 
83,694 
66,373 
41,742 
26,250 
16,509 
13,090 
10,380 
6,530 
4,107 
2,583 
1,624 

Thickness 
of 

Insulation 
F 
V 
r 3-32" 

3-32" 
3-32" 
5-64" 
5-64" 
5-64" 
5-64" 
1-16" 
1-16" 

wall 
« 
u 

a 

« 
a 

u 

« 
a 

« 
a 
u 

Insulation 
Resistance 
Megohms 
Per Mile 

900 
1,100 
1,200 
1,100 
1,300 
1,600 
1,500 
1,600 
1,900 
2,100 
2,100 
2,400 

Test Voltage 
Alternating 

Current 
10,000 
10,000 
10,000 
9,000 
9,000 
9,000 
7,000 
7,000 
7,000 
7,000 
4,000 
4,000 

19. The test for insulation resistance must be made upon all wire 
after a t least twelve (12) hours submersion in water and while still 
immersed results be corrected to a water tempera ture of sixty (60) 
deg. Fahr . Tests must be made with the wire in coils, suitable for 
examination and before the application of braid or other covering 
with a well-insulated ba t t e ry and galvanometer, with not less than 
one hundred (100) volts and readings must be taken after one minute 's 
electrification. The test voltage must be appli d to the completed 
length of wire before the insulation test for a period of five (5) 
minutes, using al ternat ing current from a generator and transformer 
of ample capacity. 
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Coils. 
20. The wire shall be furnished in coils of the length named for the 

following sizes of wire: 

B. & S. Gauge. Length in Feet. 
No. 14 2,000 
No. 12 1,500 
No. 10 1,500 
No. 8 1,500 
No. 6 1,000 

21. Twenty (20) per cent of the coils will be accepted if five hun
dred (500) feet long or over, or of any length where a coil, submitted 
for inspection and testing has been cut to secure a sample for testing. 

22. The inside diameter of a coil shall, unless otherwise specified, 
be not less than twenty (20) or more than twenty-two (22) inches. 

Packing for Shipment. 
23. The wire shall be shipped in reels or coils as directed by the 

Purchaser. 
24. If shipped on reels they shall be amply strong and the wire 

shall be protected by lagging to prevent injury in t ransportat ion. 
A tag must be placed inside of the lagging and a stencil on the outside 
of each reel giving the weight, the length of each piece of wire, the 
size of the wire, the name of the Manufacturer and Purchaser 's 
order or inspection number plainly marked. 
25. If shipped in coils, each coils shall be securely bound with a 
layer of heavy wrapping paper and with an outside wrapping of bur
lap, with each turn of bur lap overlapping the other one-half (J) 
its width. 

26. Each coil shall have the weight, length and size of wire, the 
name of maker and purchaser 's order or inspection number plainly 
and indelibly marked on two (2) strong tags. One of these tags 
shall be a t tached to the coil inside the burlap and the other shall be 
a t tached to the coil outside the burlap. 

The next example is that of a small dynamotor for operating 
telegraph lines. This machine has a double-wound armature 
with two commutators, rotating in the same magnetic field. 
The voltage ratio is fixed, except as it can be varied by a rheostat 
in the primary armature circuit. The secondary delivers 
continuous current at constant voltage. This is a good example 
of a carefully drawn specification, intended to prevent the tender 
of inferior machines. 

SPECIFICATION FOR A 25 -WATT DYNAMOTOR 
The appara tus desired under these specifications must be of the 

quali ty herein specified and the mechanical and electrical properties 
must be those called for herein. 

The purchaser shall have the right to make such tests of the ma
chine as he desires, and a machine not satisfactory in output , effi-
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ciency, workmanship or design must be corrected at once by the 
manufacturer or the machine will be rejected. 

Type. 
The machine shall furnish direct current as hereinafter specified 

and shall operate on a constant potential direct current circuit. 
The machine shall have a single a rmature with the pr imary com

muta to r at one end and the secondary commuta tor at the other. 
The ends shall be plainly des 'gnated, by being s tamped P. and S. 
respectively. The machine shall be self-contained on a single base 
so arranged tha t it may be secured to a foundation. 

Output. 
The machine shall be capable of delivering continuously at the 

specified voltage an ou tpu t of twenty-five thousandths (0.025) of a 
kilowatt, at a speed not greater t h a n eighteen hundred (1800) rev. 
per min. 

Voltage. 
The secondary voltage, at full load, shall be either sixty (60) 

or one hundred (100) volts as specified. 
The primary voltage shall be as specified. 

Regulation. 
At constant pr imary rated voltage the ratio of the maximum dif

ference of the secondary terminal voltage from the rated full load 
voltage, to the secondary full load voltage, shall not exceed fifteen 
(15) per cent. 

At constant pr imary rated voltage the ra t io of the maximum 
difference of speed from the rated full load speed, to the ra ted full 
load speed, shall not exceed, ten (10) per cent. 

Efficiency. 
The ratio of the electrical ou tpu t to the electrical input at full load 

shall not be less than forty (40) per cent. 
At constant pr imary ra ted voltage the electrical input with no 

electrical ou tpu t shall not exceed th i r ty- three (33) wat ts . 
Heating. 

At continuous ra ted full load the rise of t empera ture of the various 
par ts of the machine shall not exceed the following values: 

Field and armature , by resistance, fifty deg. cent. (50° cent . ) ; by 
thermometer , forty-five deg. cent. (45° cent .) . 

Commuta to r and brushes, by thermometer , fifty-five deg. cent. 
(55° cent . ) . 

Bearings and other par ts of the machine, by thermometer , forty 
deg. cent. (40° cent.) . 

Overload. 
The dynamotor shall be capable of running for two (2) hours at 

one hundred (100) per cent overload without injury to any par t . 
Dielectric Strength. 

The insulation between the windings and between either winding 
and the frame shall not break down when submit ted to a mean effec
tive difference of potential of one thousand (1000) volts al ternat ing 
electromotive force continuously applied for one minute. 
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Commutation. 
At all loads not exceeding the full rated load, and with no change in 

the position of the brushes or brush holders, the machine shall 
operate without sparking. 

The brushes and commutators shall perform their functions with
out undue noise. 

Electrical Balance. 
If the dynamotor is to be operated from a storage ba t te ry used 

for common ba t te ry telephone circuits, its operation shall be such as 
to ensure, at any normal condition of speed and load, no disturbing 
noise in telephone circuits connected across the terminals of the 
storage ba t te ry . 

Each commuta tor shall have such a number of segments tha t the 
product of the rated full load speed and the number of segments 
shall be not less than 50,000. 

Mechanical Balance. 
The mechanical balance of the rotat ing par ts shall be such as to 

cause neither vibration nor noise at any load not exceeding the full 
rated load. 

Bearings. 
The bearings shall be self-oiling, self-aligning and provided with 

means for drawing off the working supply of lubricant. The self-
oiling mechanism shall be normally closed to the entrance of foreign 
mat te r but shall be readily accessible for inspection. 

Brushes. 
The brushes shall be of carbon and shall be copper plated. 
The current density in the brushes shall not exceed twenty (20) 

amperes per square inch. 
Brush Holders. 

All brush holders shall be of adequate strength and shall permit , 
without the use of tools of any sort, adjustment of the pressure of 
the brushes on the commutator , of the brushes in the holders, and of 
the brushes circumferentially about the commutator . 

Leads and Wiring. 
All leads shall be flexible, insulated and readily accessible. 
All internal wiring shall be complete to the terminals. 

Terminals. 
Terminals shall be substantial , accessible, and arranged to receive 

the ends of the power leads. 
Rheostat. 

A fire proof start ing rheostat (capable of also fulfilling the functions 
of a single-pole main switch) shall be furnished, mounted, and wired 
in a safe and accessible position on the machine. The " On " and 
" Off " positions of the rheostat shall be plainly marked. 

Material. 
All material and finish shall be of the best commercial grades. 

Finish. 
The various par ts of the machine shall present a clean, smooth and 

finished appearance. All unfinished surfaces shall be filled and 
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rubbed down until they present a smooth, even surface, and then 
painted as specified by the purchaser. All polished surfaces shall be 
free from tool marks. 

Standards and Tests. 
All s tandards and methods of testing shall be in accordance with 

the Report of the Commit tee on Standardizat ion of the American 
Ins t i tu te of Electrical Engineers of June 1907 except where otherwise 
specified. 

The third and last example is that of standard underground 
telephone cable, up to 180 pairs of No. 19 B. & S. gauge con
ductors or 400 pairs of No. 22 gauge, with dry paper insulation. 
It is notable that the kind of insulation is nowhere mentioned 
in the specification, but it is impossible to secure the low values 
of electrostatic capacity with any of the other insulating ma
terials in ordinary use. 

SPECIFICATIONS FOR N O . 19 AND N O . 22 B. & S. G A U G E T E L E P H O > E 
C A B L E 

The materials used in the manufacture of the cables must be of the 
quali ty herein specified, and the electrical properties and the methods 
of manufacture must be those herein called for. The quali ty of the 
materials used and the electrical properties of the cables must be 
determined by the manufacturer before the cables are delivered. 

The purchaser is to have the right to make such tests of the quali ty 
of the materials used, and of the electrical properties of the finished 
cables, as he may desire. The inspector for the purchaser is to have 
the power to reject the cables should the quali ty of the materials 
used, or the electrical properties of the cables, fall below the require
ments herein specified. 

The manufacturer shall guarantee tha t for one year from the time 
the cables are placed, spliced and connected to terminals, the electro
static capacity and the resistance of the conductors shall not have 
increased, nor the insulation resistance have decreased, beyond the 
limits herein specified, due to defective material or manufacture. 
The manufacturer shall, however, not be responsible for the failure 
of cables brought about by injuries to the sheath or conductors due 
to causes beyond his control. 

General. 
These specifications apply to cables of 180 pairs and less with No. 19 

Brown and Sharpe gauge conductors, and to cables of 400 pairs and 
less with No. 22 Brown and Sharpe gauge conductors. 

Conductors. 
Each conductor shall be of soft copper and of such conductivi ty 

as will ensure, at all seasons of the year, a conductor resistance of 
not more than forty-seven (47) ohms for each mile of cable with 
No. 19 gauge conductors, nor more than ninety-five (95) ohms for 
each mile of cable with No. 22 gauge conductors. 
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Core, 
The conductors shall be insulated, twisted in pairs, the length of 

the twist not to exceed three (3) inches, and formed into a cylindrical 
core arranged in reversed layers. The ends of each length of cable 
shall be filled with an insulating material which shall seal the cable 
for a distance of at least two (2) feet from each end. 

Sheath. 
The core shall be enclosed in a sheath of uniform thickness com

posed of lead and tin, the amount of tin to be not less than three (3) 
per cent. This sheath shall be formed around the core and shall be 
free from holes or other defects. 

For cables with No. 19 gauge conductors / the thickness of the sheath 
shall be as follows: 

For cables of 100 pairs and over, not less than one eighth ($) of 
an inch; for cables of from 50 to 100 pairs, not less than three thir ty-
seconds (3/32) of an inch; for cables of less than 50 pairs, not less 
than one twelfth (1/12) of an inch. 

For cables with No. 22 gauge conductors, the thickness of the 
sheath shall be as follows: 

For cables of 200 pairs and over, not less than one eighth ( i ) of an 
inch; for cables of from 100 to 200 pairs, not less than three thir ty-
seconds (3/32) of an inch; for cables of less than 100 pairs, not less 
than one twelfth (1/12) of an inch. 

Electrostatic Capacity. 
At any season of the year, the average mutual electrostatic ca

pacity between one wire of a pair and its mate (the remainder of the 
conductors and the sheath being grounded) shall not exceed 0.054 
of a microfarad per mile of cable with No. 19 gauge conductors, 
nor 0.069 of a microfarad per mile of cable with No. 22 gauge con
ductors. 

The mutual electrostatic capacity of any pair of the cable so mea
sured shall not exceed 0.060 of a microfarad per mile of cable with 
No. 19 gauge conductors, nor 0.078 of a microfarad per mile of cable 
with No. 22 gauge conductors. 

These figures apply only to the cable, and proper allowance shall 
be made for the rubber-covered wire used at the terminals. 

Insulation Resistance. 
Each wire shall show an insulation resistance of not less than 

five hundred (500) megohms per mile of cable, each wire being mea
sured against all the rest and the sheath grounded. 

Note. 
The tests for insulation resistance may be made with an electro

motive force not exceeding five hundred and fifty (550) volts. 
As a measure of safety, when more than two hundred (200) volts 

are employed in such tests, a resistance of one hundred thousand 
(100,000) ohms should be included in the circuit with the source of 
electromotive force and the conductors of the cable. 

In all of the examples given, the general clauses are absent, 
that is to say, the business relations of the contracting parties, 
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in relation to price, shipment, delivery, etc. The latter vary so 
greatly that mere blank forms could be presented, in any case. 

In concluding the paper, attention is drawn to the fact that 
principles have been emphasized rather than practice ; of practice 
it can best be said that it changes from year to year, while 
principles do not—a most fortunate truth for us all. 
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